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 ,QWURGXFWLRQ
,QWKHODVWIHZ\HDUVLQ,WDO\VHYHUDOELRHQHUJ\FRPSDQLHVDWWUDFWHGE\*RYHUQPHQWVXEVLGLHVSODQQHGDQGEXLOG
ZRRG ELRPDVV SRZHU SODQWV (PHU *ULJRODWR/XEHOOR	&DYDOOL ,Q WKH ODVW WHQ \HDUV WKH XVH RI ZRRG IRU
KHDWLQJ ZDV SURPRWHG ZLWK (XURSHDQ VWUXFWXUDO IXQGV UXUDO GHYHORSPHQW SODQV HQHUJ\ SURMHFWV UHJLRQDO DQG
SURYLQFLDOIXQGVZDVDOVRSURPRWHGLQ6RWKHUQ,WDO\3URWR=LPEDODWWL$EHQDYROL%HUQDUGL	%HQDOLD
%LRPDVVLQFOXGHDOOWKHRUJDQLFFRPSRQHQWVOLNHZRRGZRRGZDVWHDQLPDOZDVWHHWF,QSDUWLFXODUDQDWWUDFWLYH
RSSRUWXQLW\LVWKHZDVWHELRPDVVDVDJURLQGXVWULDOVXE±SURGXFWVRUXUEDQZDVWHV%LRPDVVFDQEHXVHGWRSURGXFH
KHDW E\ FRPEXVWLRQ PHFKDQLFDO HQHUJ\ E\ LQWHUQDO FRPEXVWLRQ HQJLQH RU JDV WXUELQH &RODQWRQL $OOHJULQL
%RXEDNHU/RQJR'L*LDFLQWR	%LRQGL)ULVR*ULJRODWR	&DYDOOLSRZHUHQHUJ\GLUHFWO\E\ WKH IXHO
FHOOV %RFFL 6LVLQQL 0RQHWL 9HFFKLRQH 'L &DUOR 	9LOODULQL  RU LQGLUHFWO\ E\ PHFKDQLFDO HQHUJ\
&(67*7&&DQGJHQHUDWRU0RQHWL'HOIDQWL0DUXFFL%HGLQL*DPEHOOD3URWR	*DOOXFFL
(YHU\ \HDU WKH DYHUDJH LQFUHDVH LQ ZRRG YROXPH LQ &DODEULD HTXDO WR  PKD H[FHHGV DQG VRPHWLPHV
GRXEOHV WKH HVWLPDWHG LQFUHDVH LQ RWKHU IRUHVWV LQ DQG DURXQG6RXWKHUQ ,WDO\ 0DU]LOLDQR0HQJX]]DWR 6FXGHUL	
&RURQD  3URWR 	=LPEDODWWL  $JDLQ LQ &DODEULD 6RXWKHUQ ,WDO\ WKH H[SDQVH RI IRUHVW LV 
FRPSDUHG WR DYHUDJH QDWLRQDO FRYHUDJH RI  0DU]LOLDQR /DIRUWH]]D 0HGLFDPHQWR /RUXVVR *LDQQLFR
&RODQJHOR	6DQHVL$VDUHVXOWWKHIRUHVWLQ&DODEULDVXSSOLHVQXPHURXVZRRGLQGXVWU\VHFWRUVLQ6RXWKHUQ
,WDO\7KHDQQXDODPRXQWRIKDUYHVWHG WLPEHU LQZDVP,67$7DERXWRI WKHQDWLRQDO
WRWDODQGRIWKHWRWDODPRXQWRIWLPEHUKDUYHVWHGLQ6RXWKHUQ,WDO\ZKHUHDFFRUGLQJWRWKH1DWLRQDO6WDWLVWLFDO
'DWDEDVH ,67$7 ILUHZRRGKDUYHVWLQJKDV LQFUHDVHGPRUH WKDQ URXQGZRRGKDUYHVWLQJ 3URWR	=LPEDODWWL

7KHFXUUHQW LQFUHDVLQJG\QDPLVPRI WKHILUHZRRGPDUNHWKDV OHGWKXVWR WKHGHYHORSPHQWDQGLPSURYHPHQWRI
WHFKQRORJLHVDEOHWRH[WUDFWDQGSURFHVVKDUGZRRGORJVPRUHHIILFLHQWO\E\UHGXFLQJFRQVLVWHQWO\WKHWLPHDQGODERU
UHTXLUHGIRUILUHZRRGSURGXFWLRQ&DYDOOL*ULJRODWR	6JDUERVVD'HVSLWHEHLQJVXFKDQDSSDUHQWZRRGODQG
UHVRXUFHWKHPRVWFRPPRQZRUNLQJPHWKRGLQ&DODEULDLVVWLOODWUDGLWLRQDORQHZLWKPDQ\\DUGVLQWKHHDUO\VWDJHV
RIPHFKDQL]DWLRQ6XFKDORZOHYHORIPHFKDQL]DWLRQFDQEHDWWULEXWHGWRORFDWLRQFKDUDFWHULVWLFVRIWKHSURSHUW\WKH
VPDOOVFDOHRIPDQ\HQWHUSULVHVOLPLWHGNQRZOHGJHRIPRGHUQPDFKLQHU\DQGWKHVFDUFLW\RIUHOHYDQWVWXGLHVRQWKH
XVHRIPRGHUQPDFKLQHU\=LPEDODWWL	3URWR3URWR0DFUu%HUQDUGLQL5XVVR	=LPEDODWWL
,W LV EDVHGPDLQO\ RQ WKH XVH RI DJULFXOWXUDO WUDFWRUV VRPHWLPHV HTXLSSHGZLWK VSHFLILF IRUHVW PDFKLQHV OLNH
ZLQFKHVK\GUDXOLFFUDQHVORJJUDSSOHVEXWDOVRWKHXVHRIDQLPDOVIRUJDWKHULQJDQG\DUGLQJLVVWLOOZLGHO\XVHG
&KDLQVDZV DUH WKH PRVW FRPPRQ PDFKLQHU\ IRU WLPEHU FXWWLQJ RSHUDWLRQV 9HUDQL	6SHUDQGLR  3URWR
	=LPEDODWWL:RRGIURP&DODEULDLVPDLQO\GHVWLQHGIRUWKHSURGXFWLRQRIHQHUJ\RUIRUEXLOGLQJDQGSDFNLQJ
PDWHULDOV+RZHYHUVRPHZRRGSURGXFWVDUHVHQWIRUSURFHVVLQJILUPVLQRWKHUUHJLRQVZKHUHWKH\DUHFRQYHUWHGLQWR
TXDOLW\SURGXFWV=LPEDODWWL3URWR0DFUu5XVVR	=LPEDODWWL7KHUHIRUHDOVRLQ&DODEULDLQWKHODVW
\HDUVVRPHZRRGFKLSVELRPDVVSRZHUSODQWVKDYHEHHQLQVWDOOHG$VDFRQVHTXHQWZRRGKDUYHVWLQJIRUHQHUJ\ZRRG
KDVEHHQVWLPXODWHG)LJXUHKLJKOLJKWVLQIDFWDQLQFUHPHQWRIZRRGHQHUJ\KDUYHVWLQJIURPWR

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)LJ+DUYHVWLQJZRRGLQ&DODEULD

$ZRRGFKLSVSURGXFWLRQV\VWHPLVDVHTXHQFHRIYDULRXVVWHSVLQFOXGLQJSURFHVVLQJWUDQVSRUWDWLRQDQGGHFLVLRQ
PDNLQJZLWKWKHJRDORIFRQYHUWLQJIRUHVWU\ZRRG\ELRPDVVLQWRIXHODQGSURYLGLQJWUDQVSRUWRIWKLVUHVRXUFHIURP
WKH IRUHVW WR FRQYHUVLRQ SODQWV &DYDOOL	*ULJRODWR  7KH SRVVLELOLW\ WR XVH IRUHVW ELRPDVV IRU HQHUJ\
SURGXFWLRQ FDQ EH UHDOLVWLF RQO\ ZKHUH LWV VXSSO\ LV HFRQRPLFDOO\ IHDVLEOH 6DQHVL/DIRUWH]]D &RODQJHOR
0DU]LOLDQR	'DYLHV&RVWHIILFLHQWZRRGFKLSVVXSSO\LQPRXQWDLQRXVDUHDGHSHQGVRQFKLSSLQJDQGWUDQVSRUW
LQWHUIDFHWUDQVSRUWFRVWDQGZKHUHIRUHVWELRPDVVIRUFKLSVSURGXFWLRQLVQRWFRQVLGHUHGDE\SURGXFWRQKDUYHVWLQJ
DQG H[WUDFWLRQ RSHUDWLRQV 6WDPSIHU	.DQ]LDQ  $V WKH HIILFLHQF\ RI IRUHVW RSHUDWLRQV ODUJHO\ GHSHQGV RQ
IRUHVW URDGQHWZRUNFKDUDFWHULVWLFV WKHUHIRUHFKLSSLQJDQG WUDQVSRUW LQWHUIDFHDQGELRPDVV WUDQVSRUWDWLRQDOVRDUH
LQIOXHQFHGE\IRUHVWURDGQHWZRUNFKDUDFWHULVWLFV6SLQHOOL1DWL	0DJDJQRWWL
*,6EDVHG DQDO\VLV UHVXOWV XVHIXO DOVR LQ RUGHU WR GHWHUPLQH WKH IRUHVW ELRPDVVZRRGFKLSV SURGXFWLRQ (PHU
*ULJRODWR/XEHOOR	&DYDOOL'LIIHUHQWDSSURDFKHVKDYHEHHQSUHVHQWHGE\PHDQVRILQYHQWRU\IRUHVWGDWDRU
VLPSO\ODQGXVHFRYHUGDWD$FFRUGLQJWR6PHHWV	)DDLMILYHW\SHVRISRWHQWLDOIRUHVWELRPDVVTXDQWLILFDWLRQ
FDQ EH XVHG ³WKHRUHWLFDO´ ³WHFKQLFDO´ ³HFRQRPLFDO´ ³HFRORJLFDOHFRQRPLFDO´ DQG ³HFRORJLFDO´ ³7KHRUHWLFDO´
TXDQWLILFDWLRQUHSUHVHQWVWKHPD[LPXPDYDLODELOLW\DQGLWJLYHVMXVWDQLGHDDERXWWKHSRWHQWLDORIDQDUHD

 :RRGFKLSVVXSSO\FKDLQLQ6RXWKHUQ,WDO\

2YHUDOO &DODEULD SUHVHQWV ZRRGFKLSV ELJ HQHUJ\ SODQWV   0:H ,Q WKLV VWXG\ WKUHH RI WKHP ZHUH
FRQVLGHUHGDQG WKHLU VXSSO\FKDLQDQDO\]HG7ZRRI WKH WKUHHZRRGFKLSVHQHUJ\SODQWVDUH ORFDWHG LQSURYLQFHRI
&URWRQHSURSHUO\LQ&XWUR0:HDQG6WURQJROL0:HDORQJWKHRULHQWDOSDUWRI&DODEULDRQWKHFRDVWRI
WKH ,RQLDQ VHD 7KH RWKHU ZRRGFKLSV HQHUJ\ SODQW LV ORFDWHG LQ 5HQGH  0:H LQ WKH ZHVWHUQ SDUW RI WKH
UHJLRQ7KHZRRGHQHUJ\SODQWVSUHVHQWGLIIHUHQWVL]HDQGDQQXDOZRRGFKLSVGHPDQGV7DEOHUHSRUWVWKHPDLQGDWD
RIWKHZRRGHQHUJ\SODQWV7KHDQQXDOZRRGFKLSVGHPDQGRIWKHVHWKUHHSODQWVUHDFKHVWPRLVWXUHFRQWHQW
Z 7KHWRWDOKRXUO\GHPDQGRIZRRGFKLSVLVDSSUR[LPDWHO\WZ )RUHVWZRRGFKLSVUHSUHVHQWVWKH
RIWKHHQWLUHZRRGFKLSVGHPDQG7KHUHPDLQLQJDPRXQWRIZRRGFKLSVLVVXSSO\IURPORFDOZRRGLQGXVWULHV
DQGDJULFXOWXUHUHVLGXHVRUE\RYHUVHDHQHUJ\ZRRGRUDJULFXOWXUHUHVLGXHVLPSRUWDWLRQ

7DE7KHPDLQSURSHUWLHVRISODQWVFDVHVWXGLHV
3ODQW /RFDWLRQ 3RZHU ZRRGFKLSVGHPDQG
  0:H WKZ  W\Z 
$ &XWUR   
% 6WURQJROL   
& 5HQGH   

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7KHUHIRUH WKH LPSRUW RI HQHUJ\ZRRG LQ&DODEULD KDV LQFUHDVHG0DLQO\ HQHUJ\ZRRG LV LPSRUWHG IURP/DWLQ
$PHULFDEHFDXVHKLJKO\FRPSHWLWLYH(YHU\\HDUWRQVDUHLPSRUWHGIURPWKHVHDUHDVWRVXSSO\ZRRGHQHUJ\
SODQWV7KHVHZRRGHQHUJ\SODQWVXVHDOVRUHVLGXHVIURPORFDODJULFXOWXUDOSUDFWLFHVDQGWKHVHUHVLGXHVFRYHUDERXW
WKHRI WKHGHPDQG7KLVUHVHDUFKIRFXVHVRQWKHIRUHVWVXSSO\FKDLQRI WKUHHZRRGELRPDVVSODQWV WKDWFRYHUD
WRWDOSRZHURI0:H

D E
)LJ0RELOHFKLSSHUDDQGZRRGHQHUJ\SODQWDW6WURQJROLE

7KH\HDUO\ ELRPDVV FRQVXPSWLRQ LV HVWLPDWHG LQPLOOLRQRIJUHHQ WRQV7KHSULPDU\JRDO RI WKLV VWXG\ LV WR
LQYHVWLJDWH WKH ORFDO IRUHVW³HQHUJ\ZRRG´6WDPSIHU	.DQ]LDQ0DU]LOLDQR&ROHWWD0HQJX]]DWR1LFRODFL
3HOOLFRQH	9HOWUL VXSSO\ FKDLQ LQ RUGHU WR GHVFULEH WKH UHDOLVWLF XVH RI IRUHVW ZRRG ELRPDVV IRU HQHUJ\
SURGXFWLRQLQ&DODEULD:RUNLQJV\VWHPVDQGZRRGVXSSO\PDQDJHPHQWDUHWKXVDQDO\]HGLQRUGHUWRKLJKOLJKWWKH
FXUUHQW ORFDO IRUHVWZRRGELRPDVV VXSSO\FKDLQV)LJ7KUHHZRRGELRPDVVSRZHUSODQWVZHUH LQYHVWLJDWHG LQ
UHODWLRQWRWKHLUVXSSO\FKDLQV

 0DWHULDODQGPHWKRGV
,Q WKH HQHUJ\ ZRRG VXSSO\ IRUHVW VXSSO\ UHSUHVHQWV RIWHQ WKH PRVW H[SHQVLYH VROXWLRQ 5DQWD
6WDPSIHU	.DQ]LDQ 6SLQHOOL 1DWL	0DJDJQRWWL  7KHUHIRUH LW LV QHFHVVDU\ WR PDQDJH WKH ZRRGFKLSV
SURGXFWLRQZLWKDFRVWHIILFLHQWVXSSO\LQRUGHUWRLQFUHDVHSURGXFWLYLW\DQGWRUHGXFHFRVWV
,QRUGHUWRILJXUHWKHVLWXDWLRQLQ&DODEULDWKHILUVWVWHSLVWRLQYHVWLJDWHWKHFXUUHQWZRRGFKLSVVXSSO\FKDLQ2Q
ILUVW ZRRGFKLSV VXSSO\ FKDLQV ZHUH DSSUR[LPDWHO\ LGHQWLILHG 7ZR GLIIHUHQW ZRRGFKLSV VXSSO\ FKDLQ ZHUH WKXV
KLJKOLJKWHG)LJ)RUHVWZRRGFKLSVSURGXFWLRQFDQEHEDVHGRQFKLSSLQJRSHUDWLRQORFDWLRQDW\DUGLQJFORVHGWR
IRUHVWDUHDRUDWHQHUJ\SODQW*HQHUDOO\HQHUJ\SODQWVDUHXVHGWREX\HQHUJ\ZRRGLQIRUPRIURXQGZRRGDQGUDUHO\
LQIRUPRIVODVK$Q\ZD\VRPHIRUHVWHQWHUSULVHVDUHXVHGWRFKLSIRUHVWELRPDVVDW\DUGLQJDQGWKXVVXSSO\HQHUJ\
SODQW ZLWK ZRRGFKLSV7KXV JHQHUDO ILJXUHV DERXW VXSSOLHG ZRRGFKLSV RU HQHUJ\ ZRRG ZHUH FROOHFWHG IRU HDFK
FRQVLGHUHGZRRGELRPDVVSRZHUSODQWVRQHIRUHVWFKLSSLQJZRUNLQJVLWHDW\DUGLQJZDVLQYHVWLJDWHGDQGWKHWKUHH
FKLSSLQJZRUNLQJVLWHVDWHDFKHQHUJ\SODQWVZHUHDQDO\]HGLQDFFRUGLQJWRFRPSDQLHVGDWD

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)LJ)RUHVWELRPDVVSURGXFWLRQWZRGLIIHUHQWVXSSO\FKDLQ

$ERYHDOOWKH³WKHRUHWLFDO´DPRXQWRIIRUHVWZRRG6PHHWV	)DDLMIURPORFDODUHDZDVHVWLPDWHGZLWKLQD
VXSSO\ GLVWDQFH RI  NP ,Q IDFW WKH ³WKHRUHWLFDO´ IRUHVW ELRPDVV TXDQWLILFDWLRQ ZDV FRQVHTXHQWO\ XVHG IRU
HVWLPDWLQJHQHUJ\ZRRGURXQGZRRGRUZRRGFKLSVDYDLODELOLW\VXSSO\FXUYHV2QHRIWKHPRVWFRPPRQDSSURDFK
XVHGIRUVXSSO\DQDO\VLV LV WRHYDOXDWH WKHDQQXDORIIHU LQUHODWLRQWR WKHVXSSO\GLVWDQFH&RVWVRI WUDQVSRUWDWLRQ
KLJKO\ GHSHQG RQ WUDYHO WLPH ZKLFK LV D IXQFWLRQ RI GLVWDQFH DQG URDG SURSHUWLHV6XSSO\ LQYHVWLJDWLRQV DUH
FRPPRQO\ VXSSRUWHG E\ *,6EDVHG DQDO\VLV WKH FXPXODWLYH ³WKHRUHWLFDO´ PDVV IRU ZRRGFKLSV SURGXFWLRQ LQ
UHODWLRQWRWKHGLVWDQFHRIWKHSODQWIURPIRUHVWUHVRXUFHDUHDFDQEHXVHGWKXVIRUWKLVSXUSRVH0DFUu=LPEDODWWL
5XVVR	3URWR7KHUHIRUHLQWKLVVWXG\DIWHUWKHHVWLPDWLRQRQWKHDYDLODELOLW\RIIRUHVWELRPDVVWKHVXSSO\
DQDO\VLVFRQVLGHUHGDWUDQVSRUWGLVWDQFHXSWRNP7KHDQDO\VLVZDVEDVHGRQQHWZRUN*,6EDVHGDQDO\VLVDQG
ODQGXVHFRYHUGDWD)RUHDFKSURGXFWLYHIRUHVWKHFWDUHDQDYHUDJHDYDLODELOLW\RIWZ ZDVFRQVLGHUHG
:RRGFKLSVRSHUDWLRQVKDYHEHHQDQDO\]HGERWKDW\DUGLQJDQGDWZRRGELRPDVVHQHUJ\SODQW:RUNLQJV\VWHP
SURGXFWLYLWLHVDUHUHODWHG WRPDFKLQH W\SHVDQGSRZHUIHHGLQJV\VWHPVHQHUJ\ZRRGPDWHULDO W\SHURXQGZRRG
VODVKORJJLQJUHVLGXHV)RUWKHFKLSSLQJVLWHDW\DUGLQJZRUNLQJWLPHZDVDQDO\]HGE\WLPHVWXGLHGVXUYH\V7KH
PHWKRGVWXG\ZDVEDVHGRQVWRSZDWFKVWXG\LQDFFRUGLQJWR2OVHQ	.HOORJJ

 5HVXOWV
,QRUGHUWRFDOFXODWHWKHKRXUO\FRVWRIFKLSSLQJRSHUDWLRQVDW\DUGLQJDVIRUWKHFKLSSLQJDWSODQW$FNHUPDQHWDO
DSSURDFKHVZHUHDSSOLHG$FFRUGLQJWRWKHGDWDDQGLQIRUPDWLRQFROOHFWHG7DEOHUHSRUWVWKHKRXUO\FRVWVIRU
WZRPRELOH FKLSSHUVZRUNLQJ DW HQHUJ\ SODQW 5HQGH DQG &XWUR DQG IRU RQHPRELOH FKLSSHU DW \DUGLQJ ,Q RQH
HQHUJ\SODQW 6WURQJROLFKLSSLQJRSHUDWLRQ LVEDVHGRQDVWDWLRQDU\FKLSSHU%UXNV.ORFNQHUN:)RU WKLV
PDFKLQH WKHKRXUO\ FRVW LVGHWHUPLQHGE\ WKH FRPSDQ\DW ¼KZKLOHSURGXFWLYLW\ LV HVWLPDWHG DW WK Z 


7DE&DOFXODWLRQRIPRELOHFKLSSHUVKRXUO\FRVWV
    -HQ]' %UXFNV&7 -HQ]'
   PRXQWHGRQ WUDLOHU WUXFN WUDLOHU
   ZRUNLQJDW HQHUJ\SODQW HQHUJ\SODQW \DUGLQJ
'HVFULSWLRQDQGGDWD 6\PERO 8QLW )RUPXOD $WSODQW $WSODQW $WIRUHVW
3XUFKDVHSULFH 3 ¼    
6DOYDJHYDOXH 6 ¼ 3   
(VWLPDWHGOLIH Q <HDU    
3RZHU 3W N:    
'DLO\XWLOL]DWLRQ '6+ KU    
<HDUO\XWLOL]DWLRQ '< 'D\V    
6FKHGXOHGRSHUDWLQJWLPH 6+ KU '6+'<   
$YHUDJHIL[HGLQYHVWPHQW $O ¼\HDU 36QQ6   
0DFKLQHPDLQWHQDQFHUDWH 50U  'HSU   
.QLYHVPDLQWHQDQFHUDWH 50F ¼KU KU   
,QWHUHVWUDWH 5     
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7D[HVDQGLQVXUDQFHUDWH ,7*U     
)XHOFRQVXPSWLRQUDWH )F OKU    
2LOFRQVXPSWLRQUDWH /F OKU    
+\GUDXOLFRLOFRQVXPSWLRQUDWH /FL OKU    
)XHOFRVW )S ¼O    
2LOFRVW /SP ¼O    
+\GUDXOLFRLOFRVW /SL ¼O    
2SHUDWRUVFRVW :% ¼KU    
Fixed Costs      
$QQXDOGHSUHFLDWLRQ 'HSU ¼\HDU 36Q   
,QWHUHVWFRVW ,Q ¼\HDU $O5   
7D[HVDQGLQVXUDQFH ,7* ¼\HDU $O,7*U   
Total 2& ¼KU 'HSU,Q,7*6+   
Operating Costs      
0DLQWHQDQFHDQGUHSDLUFRVW 50 ¼KU 50U50F   
)XHOFRQVXPSWLRQFRVW )& ¼KU )F)S   
2LODQGOXEULFDQWVFRVW /& ¼KU /F/S   
2SHUDWRUVFRVW 3F ¼KU  :%   
Total 2S& ¼KU 50)&/&3F   
727$/ ¼KU 2&2S&   

7KHLQYHVWLJDWHGPRELOHFKLSSHULQIRUHVW\DUGLQJLVD-HQ]'N:7LPHVWXGLHVFRQFHUQHGWKHFKLSSLQJ
RIIRUHVWUHVLGXHVDQGURXQGZRRG7KHHQHUJ\ZRRGPDWHULDOZDVGLVWULEXWHGLQSLOHDORQJWKHIRUHVW\DUGLQJ3LOHV
KDGDQDYHUDJHGLPHQVLRQOHQJWKRIPHWHUVZLGWKIURPWRPHWHUVDQGKHLJKWXSWRPHWHUV7KHFKLSSHU
SURFHHGHG DORQJ WKHSLOHV DQG ORDGHGZRRGFKLSVGLUHFWO\ LQWRZRRGFKLSV WUXFNV LQ DYHUDJHZLWK D FDSDFLW\RI
P)URPZRUNWLPHVWXG\DQDO\VLVWKHFKLSSLQJRSHUDWLRQVSUHVHQWHGDSURGXFWLYLW\RIWK)RUZKDWLWFRQFHUQV
SURGXFWLYLWLHV RI FKLSSHUV ZRUNLQJ DW SODQWV WKH\ ZHUH HVWLPDWHG RQ WKH GDWD FROOHFWHG E\ LQWHUYLHZV WR WKH
FRPSDQLHV
6XSSO\FRVWZDVHVWLPDWHGLQDFFRUGLQJWRFRPSDQLHVLQGLFDWLRQVRQWUDQVSRUWW\SHDQGFRVWV7UDQVSRUWFRVWE\
WUXFNDQGWUDLOHUZDVIL[HGLQ¼K7KHWUDQVSRUWFRVWRQHZD\ZDVWKXVIL[HGDW¼NPSHUWRQZ IRU
HQHUJ\ZRRGDQGLQWKHFDVHRIZRRGFKLSVWUDQVSRUWDW¼NPSHUWRQZ 
6XSSO\FRVWZDVDOVRUHODWHGWRVXSSO\GLVWDQFHVDQGHQHUJ\SODQWFKLSSLQJFKDUDFWHULVWLFV(QHUJ\ZRRGELRPDVV
SULFHZDVGHILQHGDW¼WZ DWIRUHVW\DUGLQJ$WWKH\DUGLQJHQHUJ\ZRRGFDQEHFKLSSHGRUORDGWRWUXFN
DQG WUDLOHU FRVW ZDV HVWLPDWHG LQ  ¼W DQG WUDQVSRUWHG WR HQHUJ\ SODQW ,Q WKLV FDVH FKLSSLQJ RSHUDWLRQV LV
SHUIRUPHGDW SODQW ,Q)LJXUH IRUHVW ELRPDVV VXSSO\ FXUYH IRU WKH WKUHHSRZHUSODQWV LV SUHVHQWHG7KH VXSSO\
FXUYHV )LJ DUH FDOFXODWHGDFFRUGLQJ WR WKHGLVWULEXWLRQRI IRUHVW DUHDDQG WKH ORFDWLRQRI WKHSRZHUSODQWV LQ
UHODWLRQWRURDGQHWZRUN7KHIRUHVWSRWHQWLDODPRXQWLVVXSSRVHGLQWKDSHU\HDUPRLVWXUHFRQWHQWZ 


)LJ6XSSO\FRVWIRUZRRGFKLSSLQJSURFHVVDWSODQW5HQGH&XWUR6WURQJROLDQGDW\DUGLQJHQHUJ\ZRRGFRVWDW\DUGLQJ ¼W

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
)LJ3RWHQWLDOIRUHVWELRPDVVDPRXQWLQUHODWLRQWRVXSSO\GLVWDQFHDVXSSO\GLVWDQFHDQDO\VLVE\*,6EVXSSO\FXUYHV

 &RQFOXVLRQV

7KHFDVHVWXGLHVGHVFULEHGLQWKLVSDSHUVKRZWKDWDOODVSHFWVRIELRPDVVVXSSO\FKDLQDUHHYROYLQJ,Q&DODEULD
WKHZRRGFKLSVGHPDQGIRUHQHUJ\XVHLVKLJKDQGLWLVPHWSDUWLDOO\E\ORFDOIRUHVWHQWHUSULVHV7KHFXUUHQWVXSSO\
FKDLQVDUHQHDUO\WREHFRVWHIILFLHQWUHODWLQJWRWKHRYHUVHDLPSRUWDWLRQRIZRRGFKLSVDWKDUERU¼WZ 
,QFUHDVLQJORFDOELRPDVVSURGXFWLYLW\DOORZVIRUDQLQFUHDVLQJVFDOHRIWKHHQWLUHV\VWHP7KHKLJKHVWSULFHIRUORFDO
ZRRGFKLSV LV MXVWLILHG WR SURPRWH ORFDO HFRQRPLHV DQG VRFLDO GHYHORSPHQW,Q WKLV VWXG\ E\ XVLQJ JHRJUDSKLFDO
UHVRXUFHPDSSLQJ DQG FRVW GLVWDQFH DQDO\VLV WKH FRVWV RI ZRRGFKLSV VXSSO\ IURP IRUHVWV WR HQHUJ\ SODQWV ZHUH
DQDO\]HGIRUWKUHHVHOHFWHGVLWHVLQ&DODEULD,QIDFWODUJHDPRXQWVRIELRPDVVDUHWUDQVSRUWHGIRUORQJGLVWDQFHVLQ
WKHDUHD7KHVXSSO\DQDO\VLVKLJKOLJKWHGWKDWZLWKLQDGLVWDQFHRINP)LJWKHRIIHURIIRUHVWHQHUJ\ZRRGLV
QRWHQRXJK,QIDFWDSDUWRIWKHUHVLGXDOHQHUJ\ZRRGFRPHIURPRWKHUSDUWRIWKHUHJLRQZRRGLQGXVWU\RURYHUVHD
LPSRUW)RUZKDW LWFRQFHUQVWKHVXSSO\FRVW WKHVXSSO\FKDLQZLWKFKLSSLQJRSHUDWLRQDW\DUGLQJUHVXOW OHVVFRVW
HIILFLHQWLQUHVSHFWRIWKHVXSSO\ZLWKFKLSSLQJDWHQHUJ\SODQW7KHPD[LPXPFRVWHIILFLHQWVXSSO\GLVWDQFHLQIDFW
UHVXOWVNP:KHQFKLSSLQJLVSHUIRUPHGDWHQHUJ\SODQWDQGWKHVXSSO\FRQVLGHUVURXQGZRRGWKHFRVWHIILFLHQW
VXSSO\GLVWDQFHLQFUHDVHDOVRXSWRNP7KDWGHSHQGVRQFKLSSLQJFRVWVWDWLRQDU\FKLSSLQJRSHUDWLRQDWHQHUJ\
SODQWSUHVHQWVJHQHUDOO\DORZHUKRXUO\FRVWDQGKLJKHUSURGXFWLYLWLHV,QWKHVDPHWLPHWKHVXSSO\FKDLQVKRZVDQ
DGYDQWDJHZKHQWKHWUDQVSRUWFRQFHUQVHQHUJ\ZRRGLQIRUPRIURXQGZRRGLQUHVSHFWRIZRRGFKLSV
7KHSUHVHQWHGPRGHOFRXOGEH LPSURYHGE\DGGLQJSUHFLVLRQ WRJHRJUDSKLFDOGDWDRQIRUHVWSURGXFWLRQDQGE\
LQYHVWLJDWLQJ WKH SURGXFWLYLW\ DQG WUDQVSRUW FRVW %\ FROOHFWLQJ DOO WKH LQIRUPDWLRQ DQG LQWHJUDWLQJ WKHP E\ WLPH
VWXGLHVWKHDQDO\VLVFRXOGEHFRPSOHWHZLWKDQRSWLPL]DWLRQVWXG\$Q\ZD\WKHLPSURYHPHQWRIIRUHVWUHVRXUFHLQ
&DODEULD FDQQRWEH DWWDLQHGRQO\ WKURXJKDJHQHUDO LQFUHPHQW LQ WHUPVRIZRRGFKLSV VXSSO\EXW VKRXOGEH UDWKHU
EDVHG RQ D UHDUUDQJHPHQW RI WKH PDQDJHPHQW RI WKH VDPH SURGXFWLYH IRUHVW DUHD OLNHO\ WR UHVXOW LQ D VWHDG\
SURGXFWLYHVXSSO\RIWLPEHUWKDWUHVSRQGVWRWKHQHHGVRIWKHZRRGFKLSVPDUNHW7KHLQFUHDVHRISURGXFWLYLW\ERWK
IRU WKH IRUHVW ILUPV DQG IRU DOO WKHZRRG URZ FRPSDQLHV LV GXH WR D FRQVWDQW VHDUFK RI SURGXFWLRQ HIILFLHQF\ D
SURSHUVHOHFWLRQRIPDFKLQHU\DQGLQWHJUDWLRQDPRQJWKHGLIIHUHQWVHFWLRQVRIWKHURZ


$FNQRZOHGJHPHQWV

7KLV VWXG\ LV D SDUW RI WKH SURMHFW 3URMHFW ³$/)RU/DE´ 3213(BB FRIXQGHG E\ WKH 1DWLRQDO
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